. A mechanism for the eye movements seen in internuclear ophthalmoplegia has been postulated by Pola and Robinson (1976) , and recently confirmed by electro-oculographic analysis of 25 patients (Kirkham and Katsarkas, 1977) .
Unilateral hot or cold caloric stimulation of the semicircular canals results in reflex conjugate horizontal gaze (Bender, 1959; Shanzer and Bender, 1959) . The reflex response, also known as the slow component of nystagmus, is thought to originate in the hair cells of the horizontal semicircular canals and to follow a path to the contralateral paramedian pontine reticular formation via the vestibular nuclei of the side stimulated. This area of the reticular formation is thought to be the source of integration of both voluntary and reflex conjugate horizontal eye movements Cohen, 1971; Sharpe et al., 1974) . With the subject in the supine position, unilateral cold stimulation results in reflex gaze toward the side irrigated, while warm stimulation directs gaze to the opposite side. The cerebral hemispheres are thought to generate a checking or fast component in the direction opposite to the slow component that determines the direction of the specified nystagmus-that is, nystagmus to the left means fast component to the left (Bender, 1955; Pasik et al., 1960) . While some authors cite the usefulness of double simultaneous caloric irrigation in eliciting reflex vertical gaze, we have found few reports investigating the neural connections of this mechanism in man (Bender, 1959 (Bender, , 1960 Shanzer and Bender, 1959; Shanzer, 1964; Shanzer et al., 1964) .
Reflex vertical gaze and the medial longitudinal fasciculus In primates, including man, voluntary vertical gaze is thought to be mediated in the pretectal region of the midbrain (Bender and Shanzer, 1960; Christoff et al., 1962; Shanzer et al., 1964) . Voluntary upgaze is thought to require an intact pretectum and posterior commissure (Bender, 1959; Christoff et al., 1962; Pasik et al., 1969a, b) , while intact structures dorsomedial to the red nuclei are considered necessary for voluntary downgaze (Bender, 1959; Christoff et al., 1962; Jacobs et al., 1973; Cogan, 1974; Halmagyi et al., 1978) . Recent studies in monkeys have confirmed that bilateral lesions of the MLF eliminate reflex vertical eye movements and impair fixation in extremes of vertical gaze while not affecting voluntary vertical saccades (King et al., 1976; Evinger et al., 1977 (Fig. 3, top) Reflex vertical gaze and the medial longitudinal fasciculus foamy macrophages and remnants of blood vessels. There was a diffuse astroglial reaction in the surrounding tissues. Throughout the right medial longitudinal fasciculus there was a scattered loss of myelinated fibres producing a moth-eaten appearance (Fig. 3, bottom ). There were also scattered, swollen, degenerating axons spread throughout the fasciculus. In the surrounding tissues, there was an astroglial reaction involving the dorsal and superior tegmental nuclei. The remainder of the brainstem, including the pretectum, was normal.
Discussion
The patient showed signs of diffuse bilateral cerebral dysfunction and bilateral involvement of the A recent report of seven cases of the "lockedin" syndrome described one patient with bilateral reflex downgaze on double simultaneous ice water caloric stimulation. Postmortem findings showed bilaterally intact medial longitudinal fasciculi, while the basis pontis and both paramedian reticular formations were destroyed. The author does not comment on the basis for the preserved reflex response (Hawkes, 1974) . On double simultaneous caloric stimulation, the observed vertical conjugate deviation of the eyes results from thermallyinduced currents in the endolymph of either the unopposed anterior (resulting in reflex upgaze) or posterior (resulting in reflex downgaze) semicircular canals after antagonistic reflex gaze signals from the horizontal semicircular canals neutralise each other (Szentagothai, 1950; McMasters et al., 1966; Pasik et al., 1969a) . It has been shown experimentally in monkeys that ascending fibres from the vestibular nuclei project to the extraocular motor nuclei primarily via the medial longitudinal fasciculi, and that most axons in the MLF rostral to the abducens nuclei arise from both vestibular nuclear complexes Carpenter and Strominger, 1965; McMasters et al., 1966) . Vertical vestibulo-ocular responses have been abolished by sectioning the MLF in primates (Evinger et al., 1977) . Thus the clinical and experimental evidence support the concept that the medial longitudinal fasciculi carry the innervation for reflex vertical gaze from the vestibular nuclei to the oculomotor and trochlear nuclei.
Our patient demonstrated voluntary vertical gaze, although the range of movement of upgaze was limited. This observation has been made in other patients with diffuse cortical dysfunction (Critchley, 1956; Hurwitz, 1968; Adams and Hurwitz, 1974; Jenkyn et al., 1977) . Additionally, it has been suggested that the neuronal pathways for vertical gaze are not direct, but proceed from the pretectum to the rostral paramedian pontine L. R. Jenkyn, G. Margolis, and A. G. Reeves reticular formation before turning cephalad to enter the oculomotor and trochlear nuclei (Christoff, 1974) . This conclusion was based on the absence of vertical gaze observed in three patients with infiltrating gliomas of the pons which did not extend into the midbrain, and four patients with focal infarctions of the pontine tegmentum which extended across the midline. The pathology reported in the "locked-in" syndrome demonstrates preserved voluntary vertical gaze in cases with bilateral destruction of the caudal paramedian pontine reticular formation (Halsey et al., 1967; Kemper and Romanul, 1967; Chase et al., 1968; Nordgren et al., 1971; Hawkes, 1974) . No reports could be found describing vertical eye movements in patients with bilateral destruction of the rostral paramedian pontine reticular formation. The above observations suggest that cortical innervation of vertical eye movements in man is mediated by structures caudal to the midbrain in the rostral pons, and this is supported by the experimental evidence in monkeys .
Skew deviation was observed in our patient. The hypertropic eye was ipsilateral to the completely destroyed MLF. A review of the subject documents the observation that the elevated eye is ipsilateral to the lesion in unilateral internuclear ophthalmoplegia (Keane, 1975 Other lesions abolishing reflex vertical gaze would include labyrinthine, eighth nerve, and vestibular nuclear involvement bilaterally. Recent reports suggest that pretectal lesions may also impair reflex vertical gaze in the absence of complete third and fourth nerve nuclear destruction (Halmagyi et al., 1978; Reagan and Trautmann, 1978) . In these syndromes, however, voluntary vertical gaze is also significantly impaired.
We 
